Energy Yield prediction of offshore wind farm clusters at the EERA–DTOC European project by Cantero, E. et al.
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners 
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
• You may not further distribute the material or use it for any profit-making activity or commercial gain 
• You may freely distribute the URL identifying the publication in the public portal  
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
   
 
Downloaded from orbit.dtu.dk on: Dec 17, 2017
Energy Yield prediction of offshore wind farm clusters at the EERA–DTOC European
project
Cantero, E.; Sanz, J.; Lozano, S.; Hasager, Charlotte Bay; Sieros, G.; Stuart, P.; Young, T.; Palomares,
A.; Navarro, J.; Waechter, M.; Morales, A.
Publication date:
2014
Link back to DTU Orbit
Citation (APA):
Cantero, E., Sanz, J., Lozano, S., Hasager, C. B., Sieros, G., Stuart, P., ... Morales, A. (2014). Energy Yield
prediction of offshore wind farm clusters at the EERA–DTOC European project. Poster session presented at
EERA DeepWind 2014 - 11th Deep Sea Offshore Wind R&D Conference, Trondheim, Norway.
Energy yield prediction  
clusters at the EERA-D
E. Cantero1, J. Sanz1, S. Lozano1, C. B. Hasager2, G. Sieros3, P. Stua
1 CENER, Pamplona, Spain, 2 DTU Wind Energy, Risø C
4 RES, London, United Kingdom, 5 CIEMAT, M
Abstract
A new integrated design tool for optimization of offshore wind farm clusters is under
development in the European Energy Research Alliance – Design Tools for Offshore wind
farm Cluster project (EERA DTOC). The project builds on already established design tools
from the project partners and possibly third-party models. Wake models have been
benchmarked on the Horns Rev-1 and, currently, on the Lillgrund wind farm test cases.
D di t d i t f 'BARD Off h 1' i d f ill i i lid ille ca e exper men s rom s ore w n arm w us ng scann ng ars w
produce new data for the validation of wake models. Furthermore, the project includes
power plant interconnection and energy yield models all interrelated with a simplified cost
model for the evaluation of layout scenarios The overall aim is to produce an efficient. ,
easy to use and flexible tool - to facilitate the optimized design of individual and clusters of
offshore wind farms. A demonstration phase at the end of the project will assess the value
of the integrated design tool with the help of potential end-users from industry.
In order to provide an accurate value of the expected net energy yield, the offshore wind
resource assessment process has been reviewed as well as the sources of uncertainty
i t d t h tassoc a e o eac s ep.
Methodologies for the assessment of offshore gross annual energy production are
analyzed based on the Fino 1 test case. Measured data and virtual data from Numerical
Weather Prediction models have been used to calculate long term mean wind speed,
vertical wind profile and gross energy yield.
The main objective of this work is to check methodologies and techniques used in the
Objectives
assessment of the Net Annual Energy Production of offshore wind farms and the
associated uncertainties. Given the lack of available data from operational wind farms it is
challenging to validate the proposed methodologies, especially regarding uncertainty
quantification which is very case-specific.
Methods
P
In order to provide an accurate value of the expected net energy yield, the offshore wind
resource assessment process has been reviewed as well as the sources of uncertainty
associated to each step.
Based on FINO 1 input data several institutes and companies have estimated the
Gross Annual Energy production using own methodologies. To analyze the different
t h i i h th t i f ti h b t d t hec n ques n a omogeneous way, e nex n orma on as een reques e o eac
participant:
1. For each measured level the mean wind speed before filtering
2. Mean measured wind conditions after filtering for the 100 meters level.
3. Long term wind speed distribution as a function of wind direction sector at 100
m level. Long term reference data is not provided as an input such that each
participant can use own reference information (meteorological station or virtual
data from databases like MERRA, GFS, World Wind Atlas Data…); this will
ll i th i t f diff t f d t d Ma ow assess ng e mpac rom eren re erence a a sources an easure-
Correlate-Predict (MCP) methods of temporal extrapolation.
4. Mean wind speed at hub height (120 meters).
5. Long-term prediction of gross energy yield in GWh/year, before wake effects
and any other losses.
6. The estimated uncertainty of the long term 10-year equivalent predicted gross
AEP, including a breakdown of the individual uncertainty components that have
been estimated or assumed.
7. Details of how the particular methodology of each participant, in particular on
how the wind speed prediction has been carried out (e.g. MCP technique), if
measured or modeled wind shear was used, etc.
To analyze the NWP outputs as offshore virtual masts the gross annual energy
production has been calculated based on data from nearest grid point of Skiron
mesoscale model simulations.
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Results
FINO 1 research platform, which is situated in the North
Sea has been used as test case for estimating Gross
E i h th ti l i d fnergy n a ypo e ca w n arm.
Ten minutes time series of controlled measured mean,
standard deviation and maximum wind speed, mean and
standard deviation of wind direction, temperature and
pressure from 13/01/2005 to 01/07/2012 and a generic
power and thrust curves have been provided as input.
According to the steps analyzed in the FINO 1 Gross energy estimation some critical points
have been detected: 9.98
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Mean wind speed after filtering at 100 m obtained as mean of ten
minutes value. Mean value ± 1.0%. Red circles indicates that mast
shadow effect has been filtered
2.Long term: a great variety of reference data and long term correlation methods are
used, in each case and depending on the quality of the available data a exhaustive long
term analysis should be done including validation and uncertainty assessment.
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5 From Jun 2005 to May 2012 No reference.
Long-term correction 
based hourly MERRA data
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Long term mean wind speed at 100 m obtained from frequency
di ib i f h i h f i f i d d d
3 Vertical extrapolation: everybody has used the Hellmann exponential law that has
6 From Jan 1981 to Dec 2012
    
as the reference source. A 
lineal correlation method 
was used.
str ut on o ours n t e year as a unct on o w n spee an
direction. Mean value ± 1.5%
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good results for annual mean values but no when profiles are classified in terms of the
observed atmospheric stability and, where the wind shear is overestimated during
unstable conditions and underestimated in stable conditions Stability and how it could be.
applied for wind resource assessment estimation should be analyzed.
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Gross Energy (P50) at hub height. Mean value ± 6.5%
participants.
5.Uncertainty: the sources of
the uncertainty are clear but
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Conclusions
assessment. , . .
The FINO 1 test case demonstrate the need of clear and common methodologies and
standards to do the wind energy yield assessment in offshore wind farms.
New methodologies should be explored and incorporate to the wind energy yield
assessment, like the analysis of atmospheric stability to define the wind profile or the NWP
outputs as source of information to estimate the offshore wind resource.
T d l d lid t th d l i d d i d f d t do eve op an va a e me o o og es an proce ures w n arm a a are nee .
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